Abstract: A one-pot, three-component reaction of 4-hydroxycoumarin, arylglyoxals, and 6-aminouracil or 1,3-dimethyl-6-aminouracil in the presence of L-proline as an organocatalyst in acetic acid under reflux conditions provided a series of new pyrrolo[3,2-d]pyrimidine derivatives in good yields.
Introduction
Pyrrolo [3,2-d] pyrimidines have many pharmaceutical applications. They are antitumor [1] , antimicrobial [2] , antibacterial [3] , antifolate [4] , anticonvulsant [5] , antileishmanial [6] , anti-inflammatory [7] , antiaggressive [8] , antiviral [9] , anticoagulant [10] , antioxidant [11] , antifungal [12] , antiasthmatic [13] and anti-HIV agents [14] . In continuation of our interests in the preparation of heterocyclic compounds by one-pot, multicomponent reactions [15] [16] [17] [18] [19] [20] , herein we report the synthesis of coumarinylsubstituted pyrrolo [3,2-d] pyrimidine-2,4(3H)-dione derivatives 4a-n (Scheme 1) by a one-pot, three-component reaction of 4-hydroxycoumarin, arylglyoxals and 6-aminouracil or 1,3-dimethyl-6-aminouracil in the presence of L-proline as an organocatalyst.
Results and discussion
Bharti [21] has recently reported that the three-component reaction of 4-hydroxycoumarin, an aldehyde and 1,3-dimethyl-6-aminouracil in the presence of a catalytic amount of L-proline in ethanol under reflux conditions provided 6-amino-5-[(4-hydroxy-2-oxo-2H-chromen-3-yl) methyl]-1,3-dimethylpyrimidine-2,4(1H,3H)-dione. It was of interest to replace the aldehyde with an arylglyoxal in this reaction. Arylglyoxals are efficiently synthesized in the form of hydrates by the oxidation of acetophenones with selenium dioxide in ethanol under reflux conditions [20] . While this work was in progress, Choudhury and coworkers [22] reported that the treatment of 4-hydroxycoumarin (1) with an arylglyoxal 2 and 1,3-dimethyl-6-aminouracil (3) in AcOH under microwave conditions furnished pyrrolo [2,3-d] pyrimidine derivatives 4h, 4k and 4m. In this paper, we report the one-pot, three-component reaction of 4-hydroxycoumarin (1), arylglyoxal 2 and 6-aminouracil or 1,3-dimethyl-6-aminouracil (3) leading to pyrrolo [2,3-d] pyrimidine derivatives 4a-n efficiently catalyzed by L-proline (Scheme 1).
The reaction of 4-hydroxycoumarin (1), phenyl glyoxal (2a) and 6-aminouracil (3) was chosen as the model reaction. In the absence of L-proline, no product was observed at room temperature even after 24 h. Refluxing the reaction mixture in acetic acid without the catalyst for 7 h gave the desired product 4a in only a 14% yield. The product was fully characterized by its Fourier-transform infrared spectroscopy (FT IR), 1 H nuclear magnetic resonance ( 1 H NMR) and 13 C NMR spectral data. The use of increasing amounts of L-proline as an organocatalyst gradually improved the yield. Under optimized conditions, the reaction was conducted in acetic acid under reflux for 7 h and furnished product 4a in a 73% yield. This reaction was attempted in the presence of other catalysts including K 2 CO 3 (21% yield), triethylenediamine (41% yield), 4-dimethylaminopyridine (35% yield), pyrrolidine (38% yield), tetra-n-butyl ammonium bromide (48% yield), sodium dodecyl sulfate (31% yield), ZrOCl 2 (45% yield) and p-toluenesulfonic acid (46% yield) using acetic acid as a solvent. As can be seen, the use of L-proline proved to be the best in terms of yield. The model reaction in the presence of L-proline was also conducted in ethanol/ water (31% yield), ethanol (35% yield), acetonitrile (32% yield), water (41% yield), dichloromethane (trace amount of 4a) and tetrahydrofuran (trace amount of 4a). Thus, the highest yield of 4a (73%) was obtained from the reaction conducted in acetic acid. Mechanistically (Scheme 2), the formation of product 4a-n can be explained in terms of the Knoevenagel condensation of hydroxycoumarin with the aryglyoxal, catalyzed by L-proline, followed by Michael addition of 6-aminouracil or 1,3-dimethyl-6-aminouracil to the Knoevenagel intermediate product and then intramolecular heterocyclization of the Michael product.
Conclusion
Pyrrolo[3,2-d]pyrimidine derivatives 4a-n were synthesized by the one-pot, three-component reaction of 4-hydroxycoumarin, arylglyoxal and 1,3-dimethyl-6-aminouracil or 6-aminouracil using 20 mol% of L-proline as an organocatalyst in acetic acid under reflux.
Experimental
The solvents were distilled and dried according to Perrin and Armarego [23] . The melting points were measured on an Electrothermal 9200 apparatus and are uncorrected. FT-IR spectra were recorded on a Thermo Nicolet (Nexus 670) spectrometer using KBr discs. The 1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded on a Bruker DRX-300 Avance spectrometer in DMSO-d 6 with tetramethylsilane (TMS) as the internal reference. Elemental analyses were performed using a Leco Analyzer 932.
Arylglyoxals were obtained in the form of hydrates by the oxidation of acetophenones with selenium dioxide in ethanol under reflux conditions as previously reported [20] .
General procedure for synthesis of pyrrolo[3, 2-d] pyrimidine derivatives 4a-n
A mixture of 4-hydroxycoumarin (1, 1 mmol), arylglyoxal hydrate (2, 1 mmol), 6-aminouracil or 1,3-dimethyl-6-aminouracil (3, 1 mmol) and L-proline (0.2 mmol) in acetic acid (5 mL) was heated under reflux for 4 h (4i), 5 h (4b and 4l), 6 h (4c, 4e, 4h, 4j and 4k), 7 h (4a, 4d, 4m and 4n) and 8 h (4f and 4g). The reaction was monitored by thin-layer chromatography (TLC) eluting with EtOAc/hexanes (3:1). After the completion of the reaction, the resultant precipitate was filtered, washed with acetic acid and cold water, dried and crystallized from ethanol. Chlorophenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H) 6-(3,4-Dimethoxyphenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H) 2944, 2241, 1690, 1678, 1642, 1561, 1484, 1277, 1098, 1021, 975 Fluorophenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,3-dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H) dione (4m) Yield 74%; white powder; mp 272-274°C (Lit. [22] : yield 92%; white solid, mp 268-270°C). (3,4-Dimethoxyphenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,3-dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d 
6-(Phenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4a) Yield
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6-(4-Methoxyphenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4d) Yield
6-(4-Nitrophenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4e) Yield
6-(4-Fluorophenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4f) Yield
6-(4-Methylphenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,3-dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-dione (4i) Yield
6-(4-
6-
